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m he world's most potent biological torn botuhnum 
T tol was hrst isolated in 1897 by van Ermen- 
hi The toxin acts by inhibiting acetylcholne 
^atth^^cchoiciunction. In the late 

X P orted successful treatment of spinal cord ^ 
patients with detrusor hyperreflex. usmg mtravesical 
BTX-A injections at multiple sites 

History of Botulinum Toxin's Medical Develop- 

ment 

What is the story of how this "food poi- 

toei ved July 3, ™ ^S^mT****™'** 
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s J Botutoum torins are synthesized Us an* ctan 

^peptides with a molecular weight of 

P oiypcp , , n n \ r7"i initially the parent >s 

inhibition of neurotransmitter release 

Acetylcholine release involves the ATP dependen 
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transport of the vesicle from the cytosol to the plasma 
membrane [9]. Vesicle docking requires the interaction 
of various cytoplasmic, vesicle, and target membrane 
proteins, some of which are specifically targeted with 
Clostridia] neurotoxins. BTX-A, for example, cleaves the 




Heavy chain 



Fig. I This .(lustration depicts the active, dichain polypeptide form 
of botul.num toxin. The parent chain is cleaved into a heavy chain 
approx. lOOKDa) connected by a disulfide bond to a light chain 
(approx. 50 kDa) with an associated zinc atom 
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cytosolic translocation protein SNAP-25, thus preventing 
vesicle fusion with the plasma membrane (Fig. 2) [10]. 

Different Applications of Botulinum Toxin 

Seven immunologically distinct neurotoxin types are 
known and are typically labeled from A-G. BTX-A 
(Botox®, Allergan Irvine, CA, USA) received FDA 
approval in 1989 for the treatment of strabismus, benign 
essential blepharospasm, and disorders of the Vllth 
nerve. Since its introduction into clinical use in the 1980s, 
BTX-A has been successfully used to treat various 
conditions, including blepharospasm, strabismus, focal 
dystonias, muscle spasms and spasticity, axillary hyper- 
hidrosis, and achalasia [11-15]. More recently, the 

af'xF 0 ™ a £ PTOVed 3 BTX - B COmplex P^aration 
(Myobloc™, Ban South San Francisco, CA, USA) for 
clinical use in cervical dystonia patients. 

Botulinum Toxin's Urologic Applications 

Sphincter Application. Urological applica- 
tions of BTX-A have been primarily associated with cases 
of Detrusor External Sphincter Dyssynergia (DESD) 
Management of spinal cord injured (SCI) patients was 
revolutionized with the development of clean intermittent 
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atrophy.. . b '° Ck,ng ° f the vesic,e «*W by botulinum toxin, no ACh release occurs, leading to n 
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catheterization (CIC) by Lapides in 1971 [16]. However, 
SrSSSi- can tolerate CIC and require an alternate 
St decreases outlet resista.ee and allows — 
bladder decompression. Various dternabves have been 
escribed, including external sphmcterotomy rai j 
TURP, and various denervation procedures, lb. dorsal 
rtootomy [17]. These procedures are unfortunately 
Sint 1 irreversible, and carry with them inherent 
risks (ie. bleeding, stricture formation, fistulas • 

BTX-A represents a viable option in the treatment of 
DESD. The toxin acts at the neuromuscular juncUon o 
^external sphincter to block vesicle transport of acetyl- 
toZTZ essence producing chemical denervation. The 
S effects begin within 2-3 days an are reversible as 
terminal nerve sprouting occurs wAm 3" months [18J. 
Son of BoNT/A (U BoNT = laboratory grade 
boSl toxin) into the stemomastoid muscle of nuce 
I beTshown to induce the formation of terminal nerve 
Z^oZeP^^W- ^sproutsform 
at a time when the parent nerve terminal regains the , afadrty 
to release neurotransmitters. It remams to be seen 
itTsimilar processes occur in autonomic ne.es 
innervating the lower urinary fract 

Dvkstra has investigated the effects of BTX-A injec 
ton in 2^ujdies,pf SCI patients with DESD. In the first 
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rtudy, published in 1988, all 10 patta-ts <>«*f>*?> 

residuals decreased by an average of 146 cc after toon 
Sin. In 1990, Dykstra reported 
only double-blind placebo controlled study of BTX-A 
ion into the external urethral sphincter of 5 men with 
SCI Td DESD [3]. Electromyography of the external 

bladder pressure during voiding decreased to an average 
o 30cm/H 2 O. Parameters were unchanged from 
bale b tne 2 patients who received normal saline 



Fig 3 Current and potential future targets for botulism toxin 
Sin the lower urinary tracts. BNO, bladder ^-Jjjj ™ 

sphincter dyssynergia; IC. interstitial cyst,t.s. 



We performed a prospective study on 2 Uents 
referred to our clinic with voiding dysfunction [20] . M 
patots were evaluated with video-urodynamic* Follow- 
r-ged from 3-16 month, Following urethral mic- 
tion of Botox®, voiding pressures decreased by an 
averag of 38%. Sixty-seven percent of pabente reported 
rS-ementin voiding patterns. No compb^ons or 
Jde effects were noted. Our results a. con— ^ 
the largest series to date treating DESD with BTX-A In 
Sat sidy Schurch treated 24 patients with SCI and 

m ent in DESD was noted m 21/24 pts w£ 
decreased post void residuals in most patients, lhe 

ed. Thus, BTX-A toxin injections appear to be 
The clinical success of 151 A-A is suppuiicu , 
tory research demonstrating marked decreases in the 
^ of labeled norepmephi^e and acetylchdme - 
BoNT/ A injected rat urethral sphincters [22J . While the 
Aerapeutic effects of inhibiting acetylcholine release are 
St bbckage of norepinephrine release ^may *o 

mission and smooth muscle dyssynergia m the urethra. 
Se results suggest that the therapeutic effect depends 
on both somatic and autonomic nerves. 
1 In addition to classic neuropathic DESD we have 
expanded the indications for use of botulinum A toxin to 
Se patients with a variety of bladder oudet obstruc 
Uons excluding those patients with obstructions secon- 
Z * S3? We have successfully used botulinum A 
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L "1 ' PM,enlS ™* "«» spasticity 

We perform Botox® urethral sphincter injections hv 
™« one vial (100 units) of Botox® with 1 

as this may break the disulfide linkage between thTrkt 
and heavy chains and render tihe S^S^S 
a collagen injection needle (we prefer Cook® because 0 f 
the sharer end) injections of 2.5 cc ead, are made at the 

2 t , ° d0Ck P 05 * 0 " 5 at level of Z 

stated sphncter. Injections must be directed deeper til 
collagen injections in order to tanret n.rJV • , 

n'^^^^^-^.ensure^ 

Application. Data have been a , 
cumulating on the clinical application of B^ A I 
detrusor muscle in hyperreflexic bladders of spinal cord 

coueagues in 31 patients with detrusor hyperreflexia 
demonstrated a significant increase in mean^un" 
bladder capacity (296ml to 480ml, P<0016)Td^ 

completed hv rtL " P ' long - tenn studv 

i-umpieiea oy the same mvesbVatnrc ;„ »7 , . . 

detrusor hyperreflexia co^b^ f ^ ^ 

Patents treated with higMose ^ J " W 

tens 300o of Botox® or lOOOu Dy^M T 
Ster^^ss was ^ffi'g^ 
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lower doses would be expected to have a more localized 
-d less systemic effect However, thepJa^ dS^ 
J** intravesical BTX-A injections foLa^^S" 
» the repeated cystoscopies and toxin injections thaTa^ 
necessary to maintain clinical results 

neurit 22"" I™ be * 0nd ^ «*» ° f 

reported favorably on the effects of 

a2£ T?r b a paot study ° f ^ wS Z- 

To t ° VeraCtiVity " obS - 

fon 26J. Following mtravesical or sphincteric BTX A 
^ections patients demonstrated a resolution^ i 

S "? V0iding ^ency, "speSv 

Fmally Zermann and coUeagues presented rjJTeZ' 

S ? mtraVeSiMl BTX - A in seven P S 

^ severe urgency-frequency-syndreme refractory to 
anticholinergic therapy or electrical stimulation T^f ° 
S* t0 f«^ solving intrev^Sc-A 
Z S 5 7 Ae -d bladd^ 

SSL? Four 7 ^ ° f 5 °' m ° r 200 of 
£21; F0Ur .° f /! Ven patients ^ponded to treatment 
^decreases m frequency and increased bladder caT 
>ty. No mention was made of vesicoureteral reLT \ 
complication of treatment 35 3 

o-JftSS crs a surgeon ' s experien - 

a S of T A h ^ **** » 5 » Parents for 
a variety of dysfunctions over the past 3 years 

SfbSSr / inT mjCCted "** b0tulinum toxin into 
were T^sdt of \T WOmen ' V ° iding dysfunctions 

s ti r b ? vascujar ~ m btdi" 

mtersbtd cystitis, and dysfunctional voiding ProcJduS 
-re performed using light sedation. Patiente were w 

-to the 4 quadrants of the external sphincter or 2 

or absence „f we „ ^ 

. » voring sympto, Sleep quannty 8 !"^ 
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creaS edinmorethan50% of patients. FcD^ttae 
patients indicates that effects lasted up to 12 months. No 
developed stress incontinence or urinary «. 
These latest climcal fadings are supported by ^research 
of o^Tand others demonstrating the efficacy of BoNTs 

nerves [29-32] 
mat the release of -P^" 
reduced by 6095 and 64%, respectivey 
A-treated versus control rat bladders L^J- 

Research Development 



Botulinum Toxin Isoforrns. An mtejtng 
side effect of patients with cervical dystonia uijected wjh 
BTX B (Myobloc™, Elan) is the deve bpment of dry 
nlth [331 In a rare occurrence following BTX-A 
«f dry mouth was unexpected because the sab- 
viands were farther from the injection site *m 
eMv^unaffected lingual or lower facial muscle, Tb 
effect indicates that BTX-B may have a greater 
cholinergic nerves innervating the salivary glands ratoer 
to bid or lower facial muscles or, alternately that 

be si in parasympathetic cholinergic nerves innervating 
thp lower urinary tract . 

™» " be seen whether these effects are merely due 
TSSm of various 

endinES to different tows, or whether BoNT/D s 
efficacy in the bladder is due to an effect on non 

=s=r£Sf--'S£- 

ity to toxin isoforrns exist in the human bladder. 
" Afferent iVen* Effects. Several mvestigators 
havf demonstrated in *. evidence of an 
botulinum toxin. Welch and colleagues have reported Art 
^peptide release ^—^£^5 

2ti -t g^gba with 

of radioactively labeled glutamate [35, 36]. The innib. 
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tkm of transmitter release from nociceptive neurons could 
£i memanisms involved with central sensitization and 
3d position botulinum toxin as a therapeutic agent * 
conditions such as chrome pain. 

Current in mo studies support a role for BIX A m 
^ nociceptive pain. In a model of pain = ted 
with formalin-induced inflammation, rats were preheated 
"1 hind paw with BTX-A prior to 
hLulfr. T37l Formalin provokes pain via a direct 
Son of noLptors (Phase 1) and, subs^uentiy 
rimation (Phase ID. Form f was 
12 days after BTX-A injection. Surrogate n«ta» of 

SSC^ iSSi ^ results support chnical 
Tbservations that BTX-A has an antinociceptive effect 
£T» ^dependent of its effects on the neuromuscular 

treatment inhibits afferent nerve mediated bladder stop 

tJ ^ decrease afferent nerve-mediated contractions 

44.6% and 35.1%, respectively, compared to sarnie 
treated animals (P < 0-05)- . , t,.....® 

In addition, we have clinical experience with Botox 
J**t in a 42-year-old female patient suffermg from 
^calcitrant IC (personal observation). Under Ugh eda 

^ 100 units of Botox®, ^» lW jf* 
was instilled in the bladder and held for 30 nnr The 
patien t w* > discha^ homeje same ^ f « 

scale the patient's bother score decreased from a 10 to a 
5 loll S BTX-A treatment. Mammal therapeutic 
ff rf C lasted 3 months, with some improvement still 
2J ^ 1" post treatment Our preUminary 
? 7^ rn new therapeutic appbeations ot 

Z associated with in- 
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chronic inflammation). 

Clearly, BTX-A has a much wider spectrum of 
application within, the urologic field than merely the treat- 
ment of DH and DESD in SCI patients. Treatment 
should be extended to other fields, including the MS 
population and those with non neurogenic voiding and 

S/A^ ere - bMic KSearch evidence 

BoNT/A mhib.ts norepinephrine release in the rat bladder 
and urethra should prompt studies investigating the effects 
of botulinum toxin on disorders of increased sympathetic 
acuity ( e .fr. functional bladder neck obstruction 
detrusor internal sphincter dyssynergia, and BPH)' 
1-inaJjy, if afferent nerve transmission is impaired by 
botulinum toxin, a significant patient population will be 
opened up to this treatment (Fig. 3). 



Conclusions 

Since the 1980s, injection of botulinum toxin has 
proven to be a safe and effective therapy for a variety of 
somatic and autonomic motor disorders. Urologists are 
now finding clinical success with urethral and bladder 
H1X-A injections in the treatment of detrusor-sphincter 
dyssynergia, non neurogenic pelvic floor spasticity and 
refractory overactive bladder. Many interesting res'earch 
questions remain regarding BTX's effects on the neural 
pathways of the lower urinary tract [39]. However, one 
cannot deny the ingenuity of man in transforming the* 
ethal toxm of Clostridium botulinum into a modern-day 
therapeutic medicine. 
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